Abstract-The present study was designed to examine the selectivity of 3H-CGP 12177 (4-(3-t-butylamino-2-hydroxypropoxy)-[5,7-3H]benzimidazole-2-one hy drochloride) for 31 and 82-adrenergic receptors by the Scatchard and the displace ment analysis.
Abstract-The present study was designed to examine the selectivity of 3H-CGP 12177 (4-(3-t-butylamino-2-hydroxypropoxy)- [5,7-3H] benzimidazole-2-one hy drochloride) for 31 and 82-adrenergic receptors by the Scatchard and the displace ment analysis.
The plots of specific binding obtained from the Scatchard analysis using 3H-CGP12177
for the rat myocardium membrane were uniphasic when the non-specific binding was detemined by the use of 10 ,eM I-propranolol, and the Kd and Bmax values were 408.53±67.20 pM and 12.27±0.83 fmoles/mg protein, respectively.
On the other hand, two binding sites were observed in the displace ment curve when I-metoprolol was used as a competitor.
The existence of these two binding sites implied the selectivity of 3H-CGP12177 to 9-adrenoceptors because 3H-CGP12177 was 1.8-fold more selective towards Q1-adrenoceptors than Q2-adrenoceptors.
In addition, these two binding sites could be regarded as (31 and Q2-adrenergic receptors from the evaluation of the binding characteristics of l3-adrenoceptors by the displacement analysis using 3-selective antagonists. Thus, 3H-CGP12177 , a hydrophilic radioligand, was useful for the binding assay of e9 adrenoceptors in rat myocardial membranes.
There is increasing evidence that data ob tained by the radioligand binding assay method are useful for evaluating the pharma cological potencies of drugs in relation to (3 adrenoceptors (1, 2) . In general, the ra dioligands 1251-iodocyanopindo!ol (1251 ICYP), 1251-iodohydroxybenzylpindolol (1251 IHYP) and 3H-dihydroalprenolol (3H-DHA) are useful for the assessments of 8-ad renoceptors in various tissues (1, 2) . All of these radioligands are hydrophobic and often more binding sites are displaced by pro pranolol than isoproterenol, thus suggesting that 1251-ICYP, 1251-IHYP and 3H-DHA bound to 5HT1 B-serotonergic receptors (3), to (3 adrenoceptors (4) and to hydrophobic non specific binding sites (5, 6) , respectively. Our previous reports (7, 9) found that the treat ment of the cardiac membrane fraction with neuraminidase resulted in a higher repro ducibility of the binding assay using 3H-DHA as a radioligand than was obtainable without neuraminidase treatment, thus suggesting that the binding assay using rat myocardial membrane is more difficult and complicated than that using rat brain membrane. Recent studies indicate that 3H-CGP12177, (4-(3 t-butylamino-2-hydroxypropoxy)- [5,7-3H] benzimidazole-2-one hydrochloride), is a hydrophilic (3-adrenoceptor antagonist (10, 11) . Thus, the present study was designed to examine the binding characteristics of 3H-CGP12177 to 3-adrenoceptors in rat myocardial membranes. In addition, Neve et al. (12) suggested that the selectivity of a radioligand for 81 and 132 ad renoceptors could be determined by dis placement experiments but not by Scatchard analysis. Thus, the present study was also designed to examine the selectivity of 3H CG P12177 for (31 and i92-adrenoceptors by Scatchard analysis and displacement experi ments.
Materials and Methods

Materials:
(-)-3H-CGP12177 (53.1 Ci/ mmole) was purchased from Amersham Japan Co.
Preparation of the membrane-enriched fractions:
The membrane-enriched fraction from rat heart was prepared by using the fol lowing method: Male Wistar rats weighing 250-400 g were killed by a blow on the head. After removel of the rat heart, the myocardium (approx. 1 g) was minced with small sissors in 20 ml of 10 mM Tris-HCI, 250 mM sucrose buffer (pH 7.4) and then homogenized using a Polytron homogenizer, twice for 10 sec at setting 8. The homogenate was filtered through 4 layers of gauze. The filtrate was centrifuged at 40,000 g for 30 min, and the resultant pellets were rinsed at once; then they were homogenized with a Polytron homogenizer, twice for 10 sec at setting 8, using 20 ml of 120 mM Tris-HCI, 40 mM MgC12 buffer (pH 7.2). The membrane enriched fraction was frozen in liquid nitrogen, stored at -80°C and diluted to appropriate concentrations immediately before use. Pro tein concentrations were determined by the methods of Lowry et al. (13) using bovine serum albumin as the standard.
Binding assay: (a) The saturation binding assay was carried out in duplicate with 3H CGP12177 in the presence (non-specific) and absence (total) of 10 ,oM I-propranolol. In brief, 0.25 ml of membrane suspension (0.2 mg of protein) was incubated for 60 min at 23°C with various concentrations (0.01-4.0 nM) of 3H-CGP12177 in a total volume of 0.5 ml containing 60 mM Tris-HCI and 20 mM MgC12 (pH 7.2). (b) Displacement experi ments were carried out in duplicate with various concentrations (0.015-6.0 nM) of 1251-ICYP in the presence of various concen trations of antagonists such as I-metoprolol. At the end of the incubation period, the in cubation medium was immediately filtered through a GF/C glass fiber filter using the method described by Tsuchihashi et al. (9) . The radioactivity was counted with a sintil lation counter (Aloka ALC-500).
The dif ference in mean values between the total and non-specific binding was taken as the spe cific binding.
Kinetic analyses: All kinetic analyses were carried out on an NEC PC-9801 computer system that performs iterative non-linear regression (14) (15) (16) . The models of the dis placement curves were as follows:
where either B, or B0 is the concentration of the radioligand bound with or without the cold ligand, x is the cold ligand concentration; IC50a, IC50b, IC50, and IC50n are the apparent inhibition constants of a cold ligand for re ceptors a, b, c and n, respectively; and A, B, C and N are the proportions of the ligand bound with receptors a, b, c and n, respectively.
The models for the determination of the true inhibition constant (K;) of the cold ligand, the binding affinity (Kd) and the max imum binding capacity (BmaX) of the radio ligand were as follows:
I. Biphasic Scatchard plot (equation 1) where Kd, and Kd2 are dissociation constants between a radioligand and receptors 1 and 2, and R, and R2 are the total concentrations of receptors 1 and 2 (BmaX). For the purpose of this report, R, and R2 are expressed as a per centage of the total BmaX R, +R2.
III where L is the concentration of free radio ligand used. R1 and R2 are the proportional ratio of receptors 1 and 2 (R1+R2=1), and Kdj and Kd2 are the dissociation constants between a radioligand and receptors 1 and 2.
The values of R,, R2 Kd, and Kd2 were pre liminarily determined by the use of equations 3-6 and the determined values are substi tuted in equation 7. By means of these sub stitutions, the Ki values for two receptor sites can be directly determined by equation 7.
Results
As shown in Fig. 1 Figure 4 depicts the relationship between the K; values of these drugs for 81 and 82 adrenoceptors determined by the binding assay in the present study and the pA2 values determined by the pharmacological observa tions. For the selective antagonists for (31 and Q2-adrenoceptors, there were especially good correlations between the pKi values obtained in this study and pA2 values for the following (Fig. 4) : 81 -sites vs. positive iso tropic action (Fig. 4A) , 19 -sites vs. positive chronotropic action (Fig. 4B) , and 82-sites vs. tracheal relaxation (Fig. 4F) . Table 3 . pA2 values of (3-antagonists Fig. 4 . Relationship between the potencies of the chemicals for inhibition of 3H-CGP12177 binding to Q, and R2-adrenoceptors (pK;) and the potencies of inhibition of the positive inotropic (A, D), positive chronotropic (B, E) and tracheal relaxation (C, F) effects of 1-isoproterenol as assessed by pharmacological methods in guinea pig (pA2). The pKi values of non (0) and selective (0) antagonists that were defined by 3H-CGP12177 bindings were those of the R,-affinity sites (A, B, C) and /32-affinity sites (D, E, F) in Table 2 . Numbers refer to individual drugs in Tables 2 and 3 The radioligand 3H-CGP12177 was 1.8 fold more selective for ;31 -adrenoceptors than (32-adrenoceptors.
The determination of the selectivity of the radiolidands is nesessary for the following reasons: the determination of the percentage ratio of (31 and /32-adrenocep tors in the case of a radioligand with different selectivity for (31 and j32-adrenoceptors is difficult because the ratio changes depending on the concentration of free radioligand. In fact, the apparent observed percentages of I-metoprolol for 31 and i92-adrenoceptors were 66.2 and 33.8% when the displacement experiments were carried out by 0.7 nM 3H CGP12177 (Fig. 2) . In this case, the deter mination of the ratio must be carried out by displacement experiments using free ligand concentrations 10-fold above the Kd values (using equation 5). This binding assay em ploying 3H-CGP12177 also provides a very easy and simple procedure for determining the value of Kd for j31 and Q2-adrenoceptors. Thus, Ki values of cold ligands were easily determined by the use of equation 7. Thus, the determination of selectivity of the radio ligands is necessary in order to obtain exact assessments of the percentage ratios of re ceptor subtypes and Ki values of chemical compounds.
The assessments of selectivity of the radioligand, 3H-CGP12177, were carried out by the displacement experiments in this study. In particular, the evaluations of K, and B,,,,, for the radioligand to receptors and Ki values of chemical compounds can be performed by the use of equations 3 and 5. These two methods were simple and easy. Thus, one method (equation 3), as depicted in Fig. 3 , was carried out by the use of various free radioligand concentrations, and the other method (equation 5) was carried out by using a large concentration of free radioligand. Because of the increased sensitivity of these methods relative to conventional methods for assessing the selectivity of a radioligand, it is probable that other radioligands that are thought to be nonselective for subtypes of (3 adrenoceptors or other receptors will be found to be selective.
3H-CGP12177 is a hydrophilic R-adreno ceptor antagonist (10, 11) . It is now well known that the non-specific binding of this radioligands to turkey erythrocyte ghosts and C6 glioma cells was less than 5% of the total binding (10) . In addition, Lacasa et al. (11) reported that the non-specific binding of this compound to intact rat adipocytes was also less than 30% of the total binding. Thus, these authors indicated that 3H-CGP12177 did not bind nonspecifically to cells. In the present study, the use of this radioligand resulted in a high reproducibility of the binding assay of rat myocardial membrane. In our previous re ports (7, 9) , the binding assay of rat myocar dial membrane using 3H-DHA as a radio ligand was difficult and complicated, and the myocardial membranes needed to be treated with neuraminidase. Furthermore, the hy drophobic radioligands 1 251-ICYP, 1251-IHYP and 3H-DHA were often bound to (3-adreno ceptors and other receptor sites, and the bindings of these ligands were displaced by propranolol rather than isoproterenol (3, 6) . In the present study, this treatment was not necessary because 3H-CGP12177 bound to only l3-adrenoceptors, thus suggesting that 3H-CGP12177 , a hydrophilic radioligand, was useful for the binding assay of Q-ad renoceptors in rat myocardial membranes.
